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Abstract—In 1998, NASA launches EOS-AM1, the first of a
series of the Earth Observing System (EOS) satellites. EOS will
monitor the evolution of the state of the earth for 18 years,
starting with the morning observations of EOS-AM1 (10:30
a.m. equatorial crossing time). An integrated view of the earth,
as planned by EOS, is needed to study the interchange of
energy, moisture, and carbon between the lands, oceans, and
atmosphere. The launch of EOS-AM1 and other international
satellites marks a new phase of climate and global change re-
search. Both natural and anthropogenic climate change have
been studied for more than a century. It is now recognized
that processes that vary rapidly in time and space—e.g., aerosol,
clouds, land use, and exchanges of energy and moisture—must
be considered to adequately explain the temperature record
and predict future climate change. Frequent measurements with
adequate resolution, as only possible from spacecraft, are key
tools in such an effort. The versatile and highly accurate EOS-
AM1 data, together with previous satellite records, as well as data
from the Advanced Earth Observing System (ADEOS) (I and
II), Tropical Rainfall Measuring Mission (TRMM), Sea-viewing
Wide Field-of-view Sensor (SeaWiFS), Along Track Scanning
Radiometer (ATSR), Medium Resolution Imaging Spectrometer
(MERIS), Environmental Satellite (ENVISAT), EOS-PM1, Land
Remote-Sensing Satellite (Landsat), and ground-based networks
is expected to revolutionize the way scientists look at climate
change. This article introduces the EOS-AM1 mission and the
special issue devoted to it. Following a brief historical perspective
for an insight into the purpose and objectives of the mission,
we shall summarize the characteristics of the five instruments
onboard EOS-AM1. Specifically, we concentrate on the innovative
elements of these five instruments and provide examples of the
science issues that require this type of data. These examples show
the importance of collecting data simultaneously from each of
the five EOS-AM1 sensors for studying rapidly varying processes
and parameters.

Index Terms— Advanced Spaceborne Thermal Emission
and Reflection Radiometer (ASTER), aerosol, anthropogenic
forcing, atmospheric chemistry, biomass burning, carbon
cycle, carbon dioxide, climate, climate change, clouds,
Clouds and Earth’s Radiant Energy System (CERES), Earth
Observing System (EOS)-AM1, earth science, global change,
global warming, greenhouse gas, land use, Measurements
Of Pollution In The Troposphere (MOPITT), Moderate
Resolution Imaging Spectroradiometer (MODIS), Multi-angle
Imaging SpectroRadiometer (MISR), phytoplankton, predictive
computer models, radiation budget, remote sensing, sea surface
temperature, troposphere, vegetation.

NOMENCLATURE

ADEOS Advanced Earth Observing System
(Japanese).

AirMISR Airborne MISR simulator.
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ARM Atmospheric Radiation Measurement pro-
gram.

ASTER Advanced Spaceborne Thermal Emission
and Reflection Radiometer.

ATSR Along Track Scanning Radiometer.
AVHRR Advanced Very High Resolution Ra-

diometer.
AVIRIS Airborne Visible and Infrared Imaging

Spectrometer.
BSRN Baseline Surface Radiation Network.
CERES Clouds and Earth’s Radiant Energy Sys-

tem.
CFC Chlorofluorocarbon.
CH Methane.
CO Carbon monoxide.
CO Carbon dioxide.
CZCS Coastal Zone Color Scanner.
DoE Department of Energy.
ENVISAT Environmental Satellite.
EOS Earth Observing System.
EOS-AM1 First EOS spacecraft (launches 1998);

crosses the equator at 10:30 a.m. in a
descending polar orbit.

EOS-PM1 Second EOS spacecraft (launches 2000);
crosses the equator at 2:30 p.m. in an
ascending polar orbit.

ERBE Earth Radiation Budget Experiment.
GOES Geostationary Operational Environmental

Satellite.
IPCC Intergovernmental Panel on Climate

Change.
IR Infrared.
LAI Leaf area index.
Landsat Land Remote-Sensing Satellite.
LTER Long-Term Ecological Research.
MAS MODIS Airborne Simulator.
MERIS Medium Resolution Imaging Spectrome-

ter.
METEOSAT Meteorological Satellite.
MISR Multi-angle Imaging SpectroRadiometer.
MODIS Moderate Resolution Imaging Spectrora-

diometer.
MOPITT Measurements Of Pollution In The Tro-

posphere.
NASA National Aeronautics and Space Adminis-

tration.
NSF National Science Foundation.
POLDER Polarization and Directionality of Earth’s

Reflectances.
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SeaWiFS Sea-viewing Wide Field-of-view Sensor.
TOA Top-of-the-atmosphere.
Topex-Poseidon Ocean Topography Experiment.
TRMM Tropical Rainfall Measuring Mission.
USGCRP United States Global Change Research

Program.
WCRP World Climate Research Program.
WMO World Meteorological Organization.

I. INTRODUCTION

W E RECOGNIZE that change—due to a host of natural
causes and effects—has been the only constant in our

planet’s 4.5 billion year history. The earth’s orbital mechanics,
geological forces, biological processes, and feedback systems
(driven by the dynamic nonlinear interchanges of energy, mass,
and momentum) have perpetually kept its climate in a state of
flux. These natural climate variations sometimes negatively
impact humans and, as such, merit close scientific scrutiny if
we are to better understand and predict their onset as well
as mitigate their consequences on our living conditions. As
recently as 1400 AD, the European settlements on Greenland
were abandoned when average temperatures decreased by
about 1.5 C over a period of about two centuries during
the Little Ice Age [1]. Within the last century, we have
seen average global temperatures rise by 0.5C [1]. Is this
recent increase due to natural variation, human activities, or
a combination of both?

There is mounting scientific evidence, going back 100
years, that human activities have attained the magnitude of a
geological force and have begun to impact climate on a global
scale [2]. In that relatively short span, humans transformed
about 40% of earth’s land surface, changing its reflectance
of sunlight and modifying its hydrological cycle [2]. Carbon
dioxide concentrations in the atmosphere have increased by
30% since the beginning of the industrial revolution and
continue to increase at an unprecedented rate [3], perturbing
climate patterns and affecting global photosynthesis [4]–[7].
Humans introduced new man-made greenhouse gases into
the atmosphere [8] that also destroy the stratospheric ozone
layer. It is possible that the current warming trend, and
the corresponding climate change, will continue and even
accelerate given plausible projections of human activities. The
threat of climate change lies not only in the temperature
increase, but also in the redistribution of moisture, possibly
causing droughts in some places and floods in others. Other
possible effects include sudden (decadal) disruption of the
thermohaline circulation/North Atlantic Deep Water formation,
as has occurred in the past [9], with possible significant
feedbacks on climate and ocean productivity. The nonlinear
nature of the earth system is demonstrated in the research of
the effect of man-made CFC’s on the stratospheric ozone [10].
In this case, models predicted correctly the effect of CFC’s on
reduction of ozone concentrations, but failed to predict by an
order of magnitude the loss of ozone over Antarctica in the
spring time. The combination of CFC’s, the presence of polar
stratospheric clouds, and isolation of the polar stratospheric air
was found to contribute to the ozone hole phenomenon.

The threat of human-induced climate change, despite sci-
entific uncertainties, prompted the United Nations to hold a
conference on climate change in Kyoto, Japan, in December
1997. The meeting further illustrated that efforts to control
human impacts on climate are controversial, with potential
social, economic, and political repercussions. Further scientific
progress is needed to address: what is the human contribution
to the current warming trend? What are the primary geophys-
ical factors in this warming trend? Will the rising levels of
greenhouse gases cause the earth’s average temperature to
increase at an accelerating rate? If so, what will be the regional
and temporal effects of rising temperatures on precipitation
patterns, sea level, human health, food production, inland
water quality, biological productivity on land and in the
oceans, and weather patterns?

To answer these questions, the earth science community
must support a comprehensive program of observations from
ground-based stations and remote-sensing platforms. Remote
sensing from satellites is the only practical way to obtain
continuous spatial and temporal fields of data needed for
global modeling and change detection. Approximately 20 years
of satellite data now available corroborate trends found in
ground-based observations [11] and have provided a unique
global view of the interactions between climate and the bio-
sphere [4], [12]. Though scientists learned much from these
satellite measurements, they are not complete and were often
made by instruments not designed for the studies to which
they were applied (e.g., AVHRR, GOES, and METEOSAT).
Other satellite instruments (i.e., CZCS or ERBE) were built
in the early years of earth remote sensor development and,
therefore, are being replaced by more sophisticated instruments
(i.e., SeaWiFS, MODIS, and CERES) that take advantage of
newer technological innovations.

Today, through its Earth Science Enterprise, NASA is
collaborating with a number of other governments world-
wide to build a new generation of sensors that will address
the measurement objectives identified by the United States
Global Change Research Panel (USGCRP) and needed to
reduce the uncertainty in climate prediction identified by the
Intergovernmental Panel on Climate Change (IPCC). EOS is
presently scoped to provide at least an 18-year data set that will
allow us to distinguish between short-term anomalies, natural
interannual to interdecadal climatic oscillations, and human-
induced climate change. To meet the measurement objectives,
EOS data will be collected over a wide spectral range at
both high and moderate spatial resolutions with a variety of
observation strategies, as described in Table I.

II. HISTORICAL PERSPECTIVE

We are in the midst of an earth science revolution that will
be fully realized with the 1998 launch of EOS-AM1—the
flagship spacecraft of NASA’s EOS (see Fig. 1). To place
EOS-AM1’s expected contributions to science into the proper
perspective, it is useful to consider the 160-year history
of climate research. Global climate investigations may have
started in 1824 when Fourier published his paper describing
the earth’s atmosphere as having (what was later dubbed) a
“greenhouse effect.” He wrote that the atmosphere acts like
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TABLE I
SUMMARY OF THE MAIN CHARACTERISTICS OF THEFIVE INSTRUMENTS ABOARD EOS-AM1

(a)

(b)

a glass bowl allowing light to pass through yet trapping and
retaining heat energy that radiates from the planet’s surface
[13]. With this work, theIntellectual Phase(our terminology)
of climate research began. Based on Fourier’s work, Claude-
Servais devised the first equation for the thermal equilibrium
of “light” and “dark” rays, which we know today as visible
and IR radiation [13]. In 1859, Tyndall discovered that other
atmospheric gases, such as methane and carbon dioxide, also
block IR radiation, thereby enhancing the earth’s greenhouse
effect [13].

The Quantitative Phase of research on climate change
due to greenhouse gases started after Langley invented his
high-precision thermal detector—the bolometer—and began
recording measurements of the lunar and solar spectra. Based
upon the work and insights of Fourier and Tyndall and the
precise measurements of Langley, Arrhenius became the first
to hypothesize that humans can actually affect climate on a
global scale. In 1896, he raised the question “is the mean
temperature of the ground in any way influenced by the
presence of heat-absorbing gases in the atmosphere?” [14].
Arrhenius calculated that doubling the amount of carbon
dioxide in the atmosphere would raise the earth’s average

temperature by 5–6 C [14]. He estimated that industrial
emissions would cause a 50% increase in atmospheric COin
about 3000 years [14]. It would probably astonish Arrhenius to
learn that CO levels are already 30% higher a mere 100 years
later, mainly due to the rapid acceleration in the use of fossil
fuels [15]. Another quantitative advance in the understanding
of climate change came with the theory of Milankovitch, who
showed that important climate change has been driven by
variations in earth’s orbit [16].

We have now entered a new phase of earth systems research.
We now benefit from more detailed observational records
extending back into prehistory through analysis of ice cores
and sediments and into the last century with bore holes and
weather observations. Today and in the future, we will increas-
ingly benefit from new techniques in atmospheric sampling
and, most importantly, remote sensing. The past record shows
us that climate can change substantially within decades with
correlated changes in the atmospheric composition (i.e., CO),
land surface cover (i.e., dust production), and ocean processes
(i.e., thermohaline circulation [17], [18]). Recent records have
yielded new insights into the short-term climatic processes
that lead to large changes in weather from year to year
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Fig. 1. Artist’s rendering of EOS-AM1.

(i.e., El Niño) and have revealed that during the latter part
of this century CO has increased, mean surface temperature
over lands and oceans has increased, and diurnal temperature
range has increased, among other trends [3]. Key parameters
that are sensitive to climate change typically show high
temporal and spatial variability—aerosols, clouds, land and
ocean biota. To study the highly varying parameters and the
interactions between them, there is a need for frequent high-
resolution measurements that are only possible with satellites.
This notion, as well as the development of space technology,
computers, and theoretical models in the last few decades,
brought space-based observations to the research forefront.

The satellite record, though short (less than 20 years), has
thus far contributed valuable and unique data and identified
global-scale changes over this period. Specific examples of
satellites’ contributions are observed trends in ozone amount
[19], snow extent and duration [12], vegetation response to
climate change [4], human-driven changes in vegetation cover
[2], and dust and smoke distributions [20], [21]. A consensus
among earth scientists for investing in precise, space-based
instrumentation for earth studies emerged in the mid-1980s
and will be realized by NASA’s EOS program with the launch
of EOS-AM1 (Fig. 1) in 1998. Parallel and complementary
efforts are going on in Japan (ADEOS) and Europe (ATSR,
POLDER, ENVISAT). Therefore, we expect theearth system
phase to be driven to a large degree by the collection and

application of data from space-based remote sensors and their
integration into climate models.

III. EOS-AM1 SCIENCE OBJECTIVES

EOS-AM1 will begin EOS’ comprehensive monitoring of
the interactions among the atmosphere, oceans, land, and solar
and terrestrial radiation. It will also enable us to measure
human impacts on these interactions. EOS-AM1 will fly in a
sun-synchronous, near-polar orbit with a 10:30 a.m. equatorial
crossing time to minimize the cloud effects on observations of
the land and oceans. It will be followed in 2000 by EOS-PM1,
which will cross the equator at 1:30 p.m. to determine diurnal
variability. The main mission of EOS-AM1 is to perform
high-accuracymeasurements of the main parameters that
describe the state of the earth and its atmosphere and
begin a long-term monitoring of the human impact on the
environment. To illustrate the importance of the EOS-AM1
mission, we use the analogy of the earth as a person who has
never had a complete physical check-up and is just beginning
to show some symptoms of health problems.

The specific objectives of the EOS-AM1 mission are as
follows.

1) Provide a snapshot check-up of the state of the earth.
It will provide the first seasonal measurements of the
following coupled parameters and processes:land and
ocean bioproductivity, land use and cover, and snow
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and ice maps; global land, ocean, and air tempera-
ture—day and night; cloud macrophysics, microphysics,
radiative effects, and interactions with aerosol, and the
corresponding feedback and forcing of climate; radiative
energy fluxes; aerosol properties and water vapor; and
deforestation, fire occurrence, and emission of trace
gases and smoke particles.

2) Detect human impacts on the earth and its climate.It
will improve our ability to detect human impacts,
or “fingerprints ,” on climate [22] and enhance our
long-term climate predictions by providing updated
global distributions of land use change, aerosol, water
vapor, clouds and radiation, trace gases, and oceanic
productivity for use in global climate models.

3) Forecast transient climatic anomalies and seasonal-to-
interannual variations.It will provide observations to
improve forecasts of the timing and geographical
extent of transient climatic anomalies. It will also
enhance investigations of the correlations between the
regional and annual variations of clouds, aerosol, water
vapor, biota in land and oceans, fires and trace gases, the
radiation field, and other major impacts from El Niño,
volcanic activity, and major fires.

4) Improve predictions and characterizations of natural
disasters.It will foster development of technologies for
disaster prediction, characterization, and risk reduc-
tion from wildfires, volcanoes, floods, and droughts.

5) Begin a long-term effort to monitor changes in climate
and global environments.The sensors on EOS-AM1
are uniquely designed for comprehensive earth obser-
vations and scientific analyses.“Comprehensive” refers
to the satellite’s wide spatial and spectral coverage, its
long temporal coverage, and the multiple disciplines to
which its data will be applied.

Climate operates on cycles ranging from hours to millennia
and, therefore, requires a comprehensive assessment over
various periods of time. Cycles occurring from days to years
are the focus of EOS-AM1. It will take a year after the launch
of EOS-AM1 for the first four-dimensional (4-D) “snapshot”
of our planet to emerge and possibly several years after launch
to complete the first statistical evaluation of the state of the
earth.

IV. M AIN MISSION ELEMENTS

EOS-AM1 has five complementary scientific instruments
that are calibrated and characterized to an unprecedented
degree. These instruments will extend the measurements of
their heritage sensors (e.g., AVHRR, CZCS, and ERBE), but
with a higher degree of precision and will also start new
measurements never before taken. The main features of these
instruments are summarized in Table I. The following is a list
of the EOS-AM1 instruments as well as some highlights of
their new features.

1) ASTER will collect high spatial resolution (15-90 m),
multispectral, visible through thermal IR data for local
and regional process studies, including surface temper-
ature and energy balance, and will allow mapping of
soils, geology, land use, and land cover change [23];

2) EOS-AM1 will use twoCERES instruments—one with
a rotating scanning plane to determine the net cloud
radiative forcing and earth’s radiative budget with its
better angular sampling [24];

3) MISR will provide imagery at moderate resolution
(275 m to 1.1 km) at nine different look angles that will
enable us to study the angular properties of scattering by
surface cover, aerosol, and clouds and retrieve aerosol
plume and cloud heights stereoscopically [25];

4) MODIS will enable a comprehensive daily evaluation
of earth’s lands, oceans, and atmosphere with its 36
spectral bands ranging from 250-m to 1-km resolution
[26]. Some specific goals of MODIS are regional and
global land cover characteristics and land cover change,
ocean productivity, aerosol properties over land and
ocean, precipitable water vapor, atmospheric tempera-
ture profiles, cloud droplet size, cloud height, and cloud
top temperature;

5) MOPITT will provide global CO maps in three altitude
layers and global CHmaps with 22-km resolution.

V. EXAMPLES OF SCIENCE QUESTIONS

ADDRESSED BY EOS-AM1

A. Earth’s Radiation Budget

The earth’s radiation budget determines the direction and
speed of climate change. Any radiative forcing, such as due to
change in surface reflectance or dust absorption of the terres-
trial radiation, will change the earth radiative equilibrium and
cause a transient temperature change. Satellite measurements
have confirmed that the TOA insolation is 342 W mand the
TOA average albedo is 30% [8]. As recently as 15 years ago,
earth radiation models showed that the atmosphere absorbs
20% of the incoming solar radiation, while the remaining
50% is absorbed by the earth’s surface [8]. However, recent
observational studies comparing data from NASA’s ERBE
satellite, first launched in 1984, within situ surface data
have found a major discrepancy between observed atmospheric
transparency and that predicted by models, probably due
to an additional 25 W m absorbed by the atmosphere
[8]. A missing heat source of 25 W m has significant
implications for global climate [8]. The CERES instrument
[27], an improvement over ERBE in both its measurement
capabilities and its accuracy, will conduct rigorous radiation
measurements that will be used to understand this discrepancy.
CERES will have the ability to measure the earth’s total
radiation budget by using two separate channels to measure
both the reflected incoming shortwave solar radiation and
emitted longwave thermal radiation [24]. Additionally, CERES
will have a third channel for measuring total radiation from 0.3
to 200 m. While one CERES instrument on EOS-AM1 will
scan across track, the second will scan on a rotating plate
for more complete coverage of the two-dimensional (2-D)
angular distribution of the radiation field. These measurement
capabilities will enable study of cloud and clear sky radiative
forcings and feedbacks. The main advantage of EOS-AM1
is that CERES data are taken simultaneously from the same
point in space, together with the higher spatial and spectral
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resolution measurements of MODIS, MISR, and MOPITT.
This will enable relating the variation in the energy budget
with variations in clouds, aerosol, land cover, atmospheric
composition, and ocean properties. We expect to gain new
insights into the specific processes by which clouds modulate
the shortwave and longwave components of earth’s radiation
budget [28]. Long-term measurements from EOS-AM1 and
follow-up missions will establish the variations in the cloud
properties, due to human impact (via aerosol, which cause
forcing) and the climate change (changes in dynamics and
evaporation, which cause feedback), and their impact on the
net radiative forcing.

B. Sources and Sinks of Greenhouse Gases

By far, water vapor is the most significant greenhouse gas
for absorbing and reemitting terrestrial radiation. Although it
is the most abundant atmospheric gas, water vapor is also the
most variable and, therefore, presents the greatest uncertainty
regarding its impact on climate. Water vapor, CO, and clouds
account for 90–95% of our planet’s retained heat energy [10].
Without these atmospheric constituents our planet’s average
temperature would be about 33 K colder [10]. The greater
the temperature at the earth’s surface (particularly at ocean
surfaces), the more water evaporates into the atmosphere, so
that in a warming trend we can expect a positive feedback loop
that can amplify climate change. Model results suggest that
water vapor feedback alone enhances the greenhouse effect by
about 1% per degree of warming [10]. Yet it is unclear whether
changes in the hydrological cycle will speed up global warm-
ing by increasing water vapor concentrations at mid and high
altitudes [29], or counteract it by forming more low clouds to
shade the surface, having a cooling effect. On average, water
vapor resides in the atmosphere only a few days before falling
to the surface as precipitation, so the water vapor content of the
atmosphere adjusts quickly to changes in surface temperature.
Globally, evaporation balances precipitation, so greater surface
temperature results in more extreme precipitation and severe
weather events. Recent studies based on data collected from
1900 to 1988 show that precipitation amounts have increased
at a rate of 2.4 mm per decade [30].

With three near-IR spectral bands and with an array of
IR bands, MODIS will measure the global distribution of
tropospheric water vapor, enabling us to directly observe the
dynamic positive feedback loop involving surface temperature
and water vapor. The total precipitable water vapor will be
measured using the near-IR bands mainly over the land; addi-
tionally, water vapor will be measured at two different levels
in the troposphere by MODIS’ thermal IR bands. Correlative
analyses with MODIS and TRMM data will hopefully yield
enhanced models for more accurately predicting severe precip-
itation and forecasting flood events. By combining MODIS’
and MISR’s simultaneous cloud measurements with CERES’
measurements of the impacts of variations of water vapor on
the radiation budget, EOS-AM1 will provide new information
on the water vapor feedback.

Carbon dioxide is the key anthropogenic greenhouse gas.
Like water vapor, it absorbs and reemits longwave terrestrial

radiation and is naturally present in abundance throughout the
atmosphere. Carbon dioxide levels have increased by 30%
since the 1700’s [1]. Due to its long lifetime in the atmosphere,
it takes a century for the atmosphere to establish a new balance
in response to an increase in COemissions. In addition to an-
thropogenic net inputs, atmospheric COlevels are also deter-
mined by fluxes that occur between the biosphere and oceans.
Atmospheric measurements of COreveal seasonal variations
as a result of the activity of the terrestrial biosphere. The
seasonal signal is closely correlated to the seasonality of green
vegetation as measured from satellites [6]. The amplitude of
the CO drawn down varies from year to year and seems
to result from climate-driven changes in terrestrial and ocean
fluxes [7]. Over at least the last decade, roughly half of the
anthropogenically produced COdoes not remain in the atmos-
phere, but dissolves into the oceans or is taken up by terrestrial
vegetation [31]–[33]. Recent work using the satellite record of
the 1980’s show 1) a trend of increased vegetation growth
in parts of the northern hemisphere suggesting a link between
growth and the terrestrial carbon sink [4] and 2) the net flux of
CO from the terrestrial biosphere varies depending on climate
and biogeochemistry [12]. This signal, however, has been diffi-
cult to identify because of problems associated with instrument
calibration, orbital drift, and atmospheric interference.

Oceans account for half of the absorption of anthropogenic
CO from the atmosphere and, together with the biosphere,
produce climate-driven interannual variation in atmospheric
CO content [34]. The ocean represents by far the largest
pool (greater than 90% of the active nongeologic carbon
pool). Increasing ocean temperature associated with green-
house warming may cause net outgassing of COto the
atmosphere, as would disruption of the north Atlantic ther-
mohaline circulation [9].

EOS-AM1 and follow-up missions will help us study the
poorly understood responses of terrestrial and marine ecosys-
tems to rising COlevels, in the presence of rising surface tem-
perature and natural climate variability. By coupling ground-
based CO measurements with data from MODIS, MISR,
and CERES, we will be able to characterize the responses
of these systems to changes in the global carbon cycle and,
hopefully, more accurately predict how rising COlevels will
affect surface temperature and biological productivity on land
and in the oceans as well as changes in the energy budget.
The EOS-AM1 mission was designed in part to overcome the
problems associated with calibration, orbital drift, viewing and
illumination angle effects, clouds, and atmospheric aerosols
[35] that limit the accuracy of AVHRR-based measurements
of vegetation cover.

Methane is another key greenhouse gas. Its sources include
northern wetlands, ruminant animals, and natural gas leakages;
however, the strengths of these individual sources are poorly
known [36]. Methane is increasing in the atmosphere at a
rate of about 1% per year, but the source of this increase
is uncertain [36]. Since changes in atmospheric methane
can potentially have a significant effect on climate, it is
important to measure its concentrations and source strengths
on a sustained basis. Using correlation spectroscopy, whereby
a cell of the gas to be measured is used as an optical filter in the
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IR to measure the signal from the same gas in the atmosphere
[52], [53], MOPITT will provide global measurements of
methane in the troposphere at a resolution of 22 km.

Measurements of global CO profiles was identified by the
World Meteorological Organization (WMO) as being critically
important for a better understanding of global change. Carbon
monoxide controls the atmospheric concentrations of oxidants,
thus affecting the ability of the atmosphere to clean itself from
the ongoing generation of high levels of harmful tropospheric
ozone from biomass burning and urban smog [54]. MOPITT’s
measurement of CO will help us to better understand how
the troposphere interacts with vegetation emissions and with
pollution from biomass burning and urban regions. The pri-
mary sources of CO include natural oxidation of methane
(also measured by MOPITT) and terpenes, biomass burning,
and fossil fuel burning by cars. By far, the major sink of CO
is oxidation by OH and, to a much lesser extent, removal
by soils [36]. MOPITT’s CO measurements, taken together
with MODIS’ and MISR’s measurements of variability in the
anthropogenic sources, will be used to study CO sources and
sinks and to give new insights into the processes by which
chemical reactions occur in the troposphere. It is expected
to improve four-dimensional (4-D) models of the transport
mechanisms by which unusually large concentrations may be
traced back to their sources.

C. Clouds’ and Aerosols’ Impacts on Climate

During the day, clouds have a cooling effect on the earth’s
surface by reflecting incoming sunlight. Conversely, at night,
clouds have a warming effect by containing the heat energy
that radiates upward from the surface toward outer space. As
global temperatures increase, it is possible that more water
will evaporate from the surface causing more clouds to form,
thereby having an offsetting cooling effect. But, so far, the
evidence shows that, although there has been an observed
increase in global cloud cover to help cool the surface during
the day, in the presence of higher levels of greenhouse gases,
the net effect is warming.

Recent studies have confirmed a relationship between low-
level cloud formation and sea surface temperature. From 1952
to 1981, there was a significant downward trend in sea surface
temperature in the midlatitude Pacific and Atlantic oceans,
accompanied by a significantly upward trend in the abundance
of low clouds [37]. Yet, since the early 1980’s, data show
that this trend has reversed—the oceans are warming while
low cloud amounts are decreasing in the midlatitudes [37].
This relationship is still not fully understood, but EOS-AM1
data will yield new insights. CERES will directly measure the
solar and IR radiative forcing of these low-level clouds, while
MODIS, MISR, and ASTER will, simultaneously, measure
the cloud properties inside each CERES pixel—cloud frac-
tion, reflectance, top temperature, droplet size, and horizontal
and vertical structure. MODIS, with its wide spectral range
(0.42–14.2 m), frequent global coverage (1–2 days revisit),
and two high spatial resolution channels (250 m) will enable
unprecedented global monitoring of atmospheric water vapor
and aerosol particles, in addition to the clouds they form.

MISR, and in some limited cases, ASTER, will provide stereo
imagery that will enable better classification of clouds as
well as higher resolution information on cloud structure and
reflectivity than was previously possible.

With its 1.37- m channel, MODIS will observe thin cirrus
clouds with unprecedented sensitivity and separate them from
lower clouds that are invisible in this channel. This channel
not only enables measurements of the impact of cirrus clouds
on the radiation budget, but it will also permit us to “correct”
for the presence of cirrus in remote-sensing scenes used to
examine surface or lower level features.

The recent IPCC report shows aerosols to be a source of
great uncertainty about climate forcing due to their effect on
solar radiation, both directly and through their role in cloud
formation [28]. The most significant sources of atmospheric
aerosols are windblown dust from arid or desert regions,
industrial and urban emissions, large-scale biomass burning,
and volcanic eruptions. Aerosols affect climate in two ways,
both of which tend to cause cooling at the surface. First, the
particles alter the radiative properties of the atmosphere by
scattering or absorbing incoming solar radiation. Second, they
modify cloud droplet size and affect their formation and life-
time, acting as cloud condensation nuclei for attracting water
vapor. Aerosol modification of cloud droplet size can enhance
their reflection of sunlight, thus generating a negative climate
forcing [21]. Much work has been done over the past three
decades to identify the major aerosol types—as a function
of season and location—and to characterize their properties
and impacts on the radiation budget and clouds. However,
the high variability of aerosol loading, size, and composi-
tion, prohibits systematic global measurements without highly
accurate spectral satellite data [28]. Using two different mea-
surement techniques, MODIS, using its wide solar spectral
range (0.41–3.7 m), and MISR, using its nine simultaneous
multiangular views, will collect these needed global aerosol
data. Together with networks of ground-based instrumentation
for remote andin situ measurements, the satellite data will be
used to quantify aerosol’s role in global change.

Ice core samples show that there were much higher levels
of atmospheric dust and lower levels of COduring the last
glacial maximum—about 30 times more continental dust [38]
and about 40% less CO[1]. This evidence supports the logic
that aerosols play a negative radiative forcing role in climate
change. Yet, as was recently theorized, aerosols may also play
another, less-direct role in negative radiative forcing. Climate
models suggest that a global warming trend may cause the
interior regions of continents to become more arid and, as
a result, there will be more iron-rich windblown continental
dust settling in the oceans. It has been demonstrated that there
is a lack of iron in large regions of the oceans, limiting the
photosynthetic absorption of atmospheric CO[39], despite
the abundance of other nutrients; e.g., nitrates. “Seeding”
experiments have shown that adding iron to these waters
greatly increases phytoplankton productivity [40]. Therefore,
more abundantly available iron-rich continental dust will con-
tribute to more robust marine primary productivity, thereby
enhancing its ability to serve as a COsink [40]. Perhaps
this could explain (at least in part) why during the last glacial
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maximum, there was a measured increase in atmospheric dust
and a decrease in CO. These considerations demonstrate the
uncertainties in understanding climate and the need to measure
diverse parameters of the earth system to understand the
relationships between its biochemical and physical processes
that together determine the state and climate of the planet. With
their diverse suite of instruments, EOS-AM1 and Landsat-7
will provide an unprecedented ability to monitor the impacts
that surface changes have on windblown continental dust
distributions, measure the impacts these aerosols have on
primary productivity in the oceans, and in turn enhance
correlative studies on the impacts of increased (or decreased)
marine productivity on CO levels.

D. Coupling with the Oceans

Covering more than 70% of our planet and holding 97%
of earth’s surface water, the oceans have been called “the
heat engine of global climate” due to their influence on the
timing and patterns of climate change. As discussed above,
the oceans and atmosphere interact dynamically to exchange
heat, momentum, and gases—all of which have profound
influences on weather patterns and biological productivity
on land and in the oceans. Reliable sea surface temperature
measurements from space-based sensors has been a goal of
oceanographers since the late 1960’s that has been frustrated
by radiometer window placement, radiometer noise, quality
of prelaunch instrument characterization, inflight calibration
quality, viewing geometry, and lack of atmospheric correction
[41]. With its low noise ( 0.05 K between 10–12 m) and
narrow, well-placed spectral bands in the 3.7–4.2-m range,
MODIS will measure sea surface temperature anomalies with
greater accuracy (0.5 K) than was ever before possible
from a space-based platform. These data will enable a better
understanding of ocean-atmosphere exchanges—particularly
during El Niño phenomena. Ocean water has a high heat
capacity and even small changes in ocean temperature can
have major effects on weather and climate. The devastating
El Niño of 1981–1982, for example, showed a temperature
difference of only 5, yet was estimated by NOAA to have
contributed to some $8 billion in damages to human resources
worldwide by causing floods in some regions and droughts in
others [42].

MODIS measurements of global sea surface temperatures
can be correlated with measurements of fluorescence and con-
centrations of chlorophyll, which are used to estimate the rate
of biological productivity in ocean waters. These parameters
are critical for deriving rates of productivity and monitoring
areal distributions and concentrations of phytoplankton—the
foundation of the marine food chain. With its six spectral bands
centered at 412, 443, 488, 531, 551, and 667 nm, respectively,
MODIS will measure concentrations of chlorophyll, the
biochemical used by phytoplankton during photosynthesis.
Three other MODIS bands centered at 667, 678, and 748 nm,
respectively, will provide measurements of fluorescence—the
emission of energy in the blue region of the spectrum, used
by MODIS to derive the rate of photosynthesis. This suite of
fluorescence bands [43] is available now on a global satellite

sensor for the first time in MODIS and will enable us to
improve our estimates of primary productivity in the ocean.

By measuring water-leaving radiance (ocean color) varia-
tions, MODIS and MISR (using its 446.4-nm and 557.5-nm
bands) will enable us to infer certain parameters of the ocean’s
biological and chemical composition, such as the abundance
and variability of phytoplankton and sediments. The MODIS
team will employ remote-sensing algorithms similar to those
developed for the SeaWiFS project. MODIS’ measurements
of ocean color will be complemented by those of other
remote sensors. Due to sun glint over a portion of its viewing
swath, some MODIS oceanic imagery will not be useful. But,
combining data from MODIS and SeaWiFS, as suggested by
Gregg and Woodward [44], would improve ocean coverage.
This gap in ocean color data can also be partially filled by
MISR, which images the surface at nine different look angles.
Additionally, MISR will provide independent measurements
of aerosols that are crucial for corrections of both ocean
color measurements and land surface reflectance. Moreover,
coupling MODIS and MISR data with those of TRMM and
Topex-Poseidon should lead to improved models of ocean,
atmosphere, and land interactions.

As noted above, the ocean is a sink for atmospheric CO,
which is used by phytoplankton in photosynthesis. The amount
of CO used depends heavily on upwelling ocean currents,
which circulate nutrients to the upper layers where sunlight is
also abundant, allowing phytoplankton to thrive. Some fraction
of particulate carbon produced by the phytoplankton sinks to
the ocean floor, which is a long-term sink for carbon. This
fraction that settles to the bottom annually is a source of
significant uncertainty in the global carbon budget and may
be comparable to terrestrial COsinks. Over geological time
(eons), 99.5% of carbon on earth is found in features of marine
sediments [18].

Algorithms have been developed for using MODIS data to
quantify the aerial extent of snow and ice on earth’s surface
and measure ongoing changes in the cryosphere [45]. By cross
comparing these data with data from CERES, MISR, ASTER,
Topex-Poseidon, and Landsat-7, it will be possible to quantify
the causes and effects of changes to sea surface temperatures,
changing sea ice extents, ocean currents, precipitation patterns,
and air temperatures.

E. Land Use Change

Global change may seem more “obvious” when the patterns
on earth’s landscapes are considered. Human population has
tripled in the last century [46], leading to burgeoning urban
centers that can be easily seen from space at night as growing
clusters of diamonds of light. To feed the need for space,
energy, and nutrition, humans have changed the surface cover
of 40% of the earth’s lands [2]. Biomass burning—the most
widely employed method for clearing away forests for agri-
culture, cattle grazing, or urban development—has quadrupled
[2]. Atmospheric concentrations of COand other trace gases
has increased by 30% as a result of human industry [2].

Using MODIS, MISR, ASTER, and Landsat-7 data, we
will be able to construct improved global vegetation maps
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to provide up-to-date estimates of the distribution of earth’s
major vegetation types. We will also be able to ascertain
whether the vegetation is healthy or under stress. By globally
monitoring subtle vegetation responses to stress in the bio-
sphere—such as increases in tropospheric ozone or decreases
in stratospheric ozone—we will learn about both the nature
and severity of the stress. We will, for example, enhance
global famine early warning systems with better predictions
and assessments of freeze, flood, or drought damage to crop-
lands. Timely global information on the overall status of
crops throughout the growing season is vital for monitoring
the world’s food resources, yet this information is currently
available for relatively few areas. MODIS and MISR data
will be used to develop global LAI estimates and calculate
mass and energy exchange between vegetated surfaces and
the atmosphere [45]. This will improve global estimates of
carbon storage in terrestrial plants, which currently vary by as
much as an order of magnitude.

The ability to track changes in land cover will be essential
in modeling global change. Burning vast regions of forest has
a twofold effect: 1) it releases stored carbon and particulates
into the atmosphere and 2) it eliminates vegetation that would
otherwise be absorbing carbon from the atmosphere. On the
other hand, there are instances where “controlled” forest fires
are desirable. In some parts of Montana, for example, fire
fighters have been so efficient at fighting wildfires over the
last century that there is now a vast reserve of stored fuel
in the form of dead biomass collecting on the ground [56].
These regions have become like large tinder boxes that are now
highly susceptible to wildfires. Using Normalized Difference
Vegetation Index (NDVI) data and surface temperature data,
the MODIS team plans to provide a regularly updated global
map of regions that are dry and therefore susceptible to wildfire
[45]. An experimental version of the fire susceptibility product
is being computed on a weekly basis for 11 of the western
United States using AVHRR data processed by EROS Data
Center [56].

Models to predict climate change hinge on our ability to
characterize land cover parameters—such as elevation, surface
roughness, albedo, and fluxes of sensible and latent heat.
MODIS, CERES, MISR, ASTER, and Landsat-7 will measure
these parameters with unprecedented accuracy. A collection of
articles from members of the MISR Instrument Team introduce
the capabilities of MISR for determining ocean and land
properties [48], [49]. Descriptions of the ASTER Instrument
Team’s geophysical products of topography [50] and land
surface temperature [51] can also be found in this special issue.

Finally, a thermal alarm algorithm has been built into the
process flow of MODIS data that will indicate the presence of
significant heat sources on the surface. These heat sources may
either be large forest fires or volcanic activity. This alarm will
not only flag thermal events of scientific interest for closer
scrutiny, but could potentially help warn populations living
near an active volcano of an impending eruption.

VI. V ALIDATION

In both the prelaunch and postlaunch periods of EOS-AM1,
EOS Instrument Team Members and interdisciplinary science

investigators will conduct scientific field campaigns to verify
the quality and long-term stability of the EOS sensors’ mea-
surements as well as the validity of the derived geophysical
data products. The magnitudes of any uncertainties and errors
in EOS-AM1 data products must be quantified, on both spatial
and temporal scales, to ensure that the data are scientifically
credible and maximally useful. Understanding the uncertainties
and errors is also essential for future improvement of the
algorithms and earth observing systems.

To obtain the necessary correlative observations required for
validation, the EOS Program will use a four-pronged approach
that incorporates the following:

1) surface-based (in situ) radiance observations and mea-
surements at specific test sites obtained as part of the
EOS interdisciplinary, instrument, and validation teams’
investigations;

2) field experiments conducted by EOS interdisciplinary,
instrument, and validation teams as well as participa-
tion in, and support of, nationally and internationally
coordinated field programs;

3) coordination with national and international observation
sites and networks, such as the DoE ARM Program, NSF
LTER sites, and the WCRP BSRN; and

4) Airborne remote-sensing measurements using specif-
ically designed EOS instrument simulators, such as
the MAS, MASTER, and AirMISR [55] as well as
community airborne instruments, such as AVIRIS.

These highly focused validation activities will range from
vicarious calibration of the basic radiance measurements to
validation of the higher order biogeophysical products, such as
land cover, ocean chlorophyll content, net primary productiv-
ity, and the planetary energy budget—including components of
the atmosphere and surface energy budgets. Validation of the
EOS-AM1 Science Data Products encompasses measurements
and comparisons made on local to regional to global scales,
including intercomparison of various satellite-derived parame-
ters and the incorporation of satellite-derived information into
models of the earth system and its components.

VII. CONCLUSION

NASA’s Earth Science Enterprise, together with space agen-
cies around the world, is funding a concerted scientific effort
to answer the myriad of questions about the causes and
effects of global change. The flagship of NASA’s effort,
EOS-AM1, is scheduled to launch in 1998. Once in orbit, it
will be the most advanced, best-calibrated tool for measuring
simultaneously from the same viewpoint in space the main
parameters associated with global climate change. This article
has provided an overview of some of the planned applications
of the data from this new scientific tool. No doubt there will
be many new applications that are not addressed here, some
of which will be serendipitous in nature. Subsequent articles
in this issue will address in more detail the performance
capabilities of the sensors aboard this spacecraft as well as
more adequately describe the science disciplines to which
EOS-AM1 data will be applied.
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